Abstract Using the exponentially diffuse boundary potential of Green and Lee (1955) , we develop a Mathematica notebook to treat alpha decay by using the complex energy approach of Preston (1947) , as modified by Pierronne and Marquez (1978) . Our approach allows the potential to change slowly from the well depth of the interior of the nucleus to the top of the Coulomb barrier, rather than the sudden step of the simple square well used by Pierronne and Marquez. Recent interest in possible variation in coupling constants such as the strong coupling Α s motivates us to develop this algorithm which can allow numerical study of the variation of the decay constant of a nucleus such as U−238 when the depth of the nuclear potential well changes.
Introduction
In recent years string theory the dependency of various constants on radii of compactified dimensions has made it appear that half−lives for alpha decay may have been variable during the early history of the universe [1−3,5,9−11] . In order to model this time dependence, we have used Mathematica to model the variation of the decay constant with change in depth of the potential well. More than 20 years ago, Pierronne and Marquez [6] treated the theory of alpha decay using a square well solution for the interior of the nucleus and coulombic solutions for the exterior, in a modification of the pioneer work by Preston [8] in which the complex nature of the alpha particle energy is utilized. The Pierronne and Marquez approach enables a finite well depth of around −30 to −100 MeV to be used, whereas the earlier approach of Preston required an unrealistic assumption of a positive value for the well depth. The use of the square well leads to spherical Bessel functions for the interior solutions of the square well, which Pierronne and Marquez matched to repulsive coulomb solutions on the boundary of the potential well.
In the 1950's Green and Lee [6] found solutions for a spherical well with an exponentially diffuse boundary potential V(r) = −V 0 exp[(a−r)/a∆], which were Bessel functions of nonintegral order for r>a, and the usual spherical Bessel functions for r<a, where a is the radius at which the exponential tail begins and ∆ is a dimensionless parameter which characterizes the "shortness" of the tail. We have modified the approach of Pierronne and Marquez to use the Green and Lee solutions. Thus we match the logarithmic derivative of the spherical Bessel function solutions to the nonintegral order Bessel function solutions of Green and Lee at r = a, and then also match these solutions to the Coulombic wave functions at a larger radius r =b.
The Pierronne and Marquez method also requires us to allow the one−body alpha particle energy to have a small complex part, thus modifying the bound states to allow tunneling through the barrier. Then we match the imaginary parts of the logarithmic derivative, which leads to the equations giving the decay constant. For the exponentially diffuse boundary wavefunctions of Green and Lee, the index Ν of the Bessel function becomes complex. In the limit where the imaginary part of the Bessel function J Ν (kx) ) becomes complex. In the limit where the imaginary part of the energy is small, a Taylor series expansion with Ν as the variable may be evaluated at the point where the imaginary part of Ν is zero, leading easily to the expression for the decay constant given in the Mathematica code below.
Results
The algorithm may be used to explore the variation of the decay constant as the well depth, nuclear radius, alpha particle energy at infinity, and other parameters vary. For example, Figure 1 below shows the negative logarithm of the decay constant plotted versus well depth, for a parent nucleus with Z=92, A= 238 (uranium−238). To produce this plot, the inner matching radius a was held constant, while the radius b at which the logarithmic derivatives of the Green and Lee solutions were matched to the coulombic wave functions was determined by Newton−Raphson iteration, keeping the alpha particle energy fixed at 4.31 MeV.
[ Figure 1 ] Conclusions As has been clearly pointed out by Calmet and Fritsch [1, 2] , as the strong coupling constant Αs varies, several quantities may vary at once including the nucleon mass. Data such as the natural reactor at Oklo and the Sm−149 cross section do not necessarily constrain these variations if more than one parameter varies at once. Due to the recent observations indicating the cosmological variation of the fine structure constant [10, 11] , this possibility has to be taken seriously. The algorithm given here may be used to explore the consequences of a variation of Αs on abundances of radioactive nuclides, such as those at Oklo. The algorithm requires input giving the atomic number Z, the atomic mass number A,the kinetic energy of the emitted alpha particle E Α and the depth V 0 of the potential well. This portion of the notebook provides an iterative process for finding the order n (non−integral) for the Bessel function which is the solution connecting the spherical Bessel function to the Coulomb function. The user provides an initial guess for n and calculates
BesselJ n, k . When the result is the same or close enough to the original value, the process is finished. 
